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NOTICES 


REPORT  NUMBERING  SYSTEM  -  The  numbering  of  technical  project  reports  issued  by  the 
Naval  Air  Development  Center  is  arranged  for  specific  identification  purposes.  Each 
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the  official  2-digit  correspondence  code  of  the  Command  Office  or  the  Functional 
Directorate  responsible  for  the  report.  For  example:  Report  No.  NADC-78015-20 
indicates  the  fifteenth  Center  report  for  the  year  1978,  and  prepared  by  the  Systems 
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BACKGROUND 

During  the  pasc  two  years,  the  U.S.  Navy,  in  an  effort  to  improve  air¬ 
crew  safety,  has  undertaken  an  advanced  development  program  entitled  the 
Maximum  Performance  Ejection  System  (MPES).  The  system  incorporates  new  tech¬ 
nologies  from  a  variety  of  engineering  disciplines. 

Currently,  the  MPES  technology  includes  such  subsystems  as: 

-  Thrust  vector  control  rocket 

-  Seat  mounted  torso  restraint/parachute  harness  with  a  single  point 
release 

-  Passive  limb  restraint 

-  Microprocessor  controlled  timing/sequencing 

-  Vacuum  packed  parachutes 

The  desire  to  incorporate  thrust  vector  controlled  propulsion  requires 
allotment  of  a  larger-than-standard  volume  under  the  MPES  seat  lid  for  place¬ 
ment  of  the  rocket  propulsion  system.  This  condition  forces  the  survival  kit 
to  be  placed  not  under  the  seat  lid,  as  is  the  standard  location,  but  on  the  seat 
back  of  the  seat  structure.  Thus,  there  is  a  unique  backpack  survival  kit 
design  being  developed  for  MPES. 


■APPROACH 

All  of  the  foremen cloned  technologies  affect  the  design  of  the  basic  seat 
structure . 

The  seat  structure  was  designed  to  provide  flat,  unobstructed  surface  areas 
for  ease  of  component/subsystem  attachment.  In  order  to  offset  the  anticipated 
increased  weight  of  the  new  technology  prototype  seat  subsystems,  especially 
the  thrust  vector  controlled  propulsion  hardware,  it  was  necessary  to  construct 
a  lightweight  seat  structure. 

In  October  1980,  a  competitive  contract  (Contract  No.  N66269-80-C-0203) 
was  awarded  to  Stencel  Aero  Engineering  Co.  for  development  of  a  seat ’struc¬ 
ture  constructed  of  reinforced  aluminum  honeycomb  sandwich  composite  jpaterial. 
NADC  provided  the  contractor  with  a  dimensionalized  seat  configuration.  Also, 
NADC  provided  the  contractor  with  design  loads  and  the  expected  points  of 
application  of  these  loads  on  the  seat  structure.  Appendix  A  of  this  report 
lists  the  specified  design  loads.  Based  on  NADC  information  the  contractor  was 
able  to  perform  a  detailed  structural  analysis  and  provide  a  detailed  design 
for  the  MPES  seat  structure.  The  structural  analysis  and  fabrication  process 
is  documented  in  Appendices  B  and  C  respectively.  Photos  of  the  manufactured 
seat  structure  are  shown  in  Figures  1  and  2.  Dimensional  drawings  of  the  struc¬ 
ture  are  shown  on  pages  6-9  inclusive.  Figure  6  shows  the  interface  of  the  seat 
with  the  ejection  guide  rails.  In  order  to  distribute  forward  crash  load  forces 
over  a  large  portion  of  the  seat,  the  guide  rails  have  been  designed  as  a  long 
continuous  interfacing  set  of  rails.  The  seat  slides  up  the  cockpit -mounted 
rails  upon  ejection.  The  rails  are  coated  with  a  baked  on  molybdenum  disulfide 
coating  predicted  to  yield  a  sliding  coefficient  of  friction  of  about  0.03  to 
0.04. 


The  seat  structure  is  designed  with  structural  inserts  at  areas  required 
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Fisjure  1-  MPES  Seat  Structure 
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MPES  Seat  Structure  (Rear  View) 
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to  react  the  specified  design  loads.  At  these  areas  various  components  and 
fittings  which  must  also  withstand  the  design  loads  are  mounted.  The  seat 
will  have  other  components  attached  to  it  in  areas  where  loads  are  minimal. 

In  these  areas  the  loads  will  be  transmitted  into  honeycomb  sandwich  material. 
Thus,  the  face  sheets  must  react  these  loads.  The  recommended  method  for 
fastening  the  low-load  bearing  components  to  the  honeycomb  sandwich  construc¬ 
tion  is  essentially  to  use  methods  which  prevent  high  local  compressive 
stresses  on  the  honeycomb  core  due  to  fastener  tightening.  One  method  is 
to  provide  a  load  distribution  plate  on  each  side  of  the  honeycomb  sandwich 
construction  as  a  means  of  distributing  the  local  compressive  stress  over  a 
larger  area.  Another  method  is  to  use  special  commercial  inserts  which  are 
"potted"  into  the  honeycomb;  these  inserts  are  essentially  of  tubular  construe 
tion,  and  the  compressive  loads  due  to  fastener  tightening  act  on  the  insert 
and  not  on  the  honeycomb. 

After  receiving  the  seat  structures  from  the  contractor,  NADC  performed 
dynamic  structural  tests  on  the  seats.  These  tests  are  described  in  Appendix 
D.  The  loads  imposed  on  the  seats  during  these  tests  were  somewhat  less  than 
the  design  loads;  however,  they  were  severe  enough  to  represent  any  loads 
which  the  seat  structures  may  experience  during  the  current-  phase  of  the  MPES 
development  program.  Examination  of  the  seats,  after  the  tests,  showed  no  evi 
dence  of  material  failure.  Hence,  the  seat  structures  were  accepted  by  NADC 
and  will  be  used  for  various  system  and  subsystem  tests  during  the  current 
advanced  development  program. 


CONCLUSION 

The  aluminum  honeycomb  seat  structure  should  provide  a  seat  with  struc¬ 
tural  integrity  and  low  weight.  However,  it  must  be  stated  that  the  produc¬ 
tion  cost,  especially  for  low  quantity  production,  is  significantly  more  ex¬ 
pensive  than  for  seat  structures  composed  of  pLate  material  (assuming  cost  is 
the  only  factor  being  considered).  It  is  believed  that  costs  can  be  reduced 
with  further  refinements  3nd  simplification  of  the  overall  ejection  system 
design.  Of  course,  the  refinement  and  simplification  of  the  seat  structure  is 
he3vilv  influenced  by  the  development  of  attached  ejection  seat  subsystems 
and  components,  and  by  the  importance  placed  on  such  factors  as  weight  and 
maintainability . 
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INERTIA  REEL  LOADS  (5,000  lbs.) 

Loads  based  on  40  G  forward  sled  tests.  Approximately  2,500  lbs.  tension 
on  each  inertia  reel  strap. 

LAB  BELT  LOADS  (6,000  lbs.  on  each  side) 

Loads  based  on  40  G  forward  sled  tests. 

DOWNWARD  CRASH  LOAD,  CATAPULT  ATTACHMENT  FITTINGS  (9,750  lbs. /fitting) 

Entire  weight  of  ejection  seat  and  most  of  crewman  weight  is  supported  by 
catapult  system.  Loads  transmitted  through  catapult  attachment  fittings  ap¬ 
proximated  to  be: 

(40g  x  seat  weight)  +  (55g  x  weight  of  98%  crewman)  or  (40  x  170  lbs) 

+  (55  x  230)  =  19,450  lbs.  or,  for  design  purposes,  19,500  lbs.  (assumed 
to  be  distributed  evenly  on  two  catapult  attachment  fittings). 

WINDBLAST  LOADS  (  1 ,844  lbs. /sq . ft . ) 

Based  on  velocity  of  660  knots  at  sea  level  (compressible  flow). 

Drag  coefficient,  Cq,  will  be  assumed  to  be  approximately  1. 

PARACHUTE /SEAT  RELEASE  FITTING  LOAD  (8,000  lbs.  pull  on  seat  back) 

Based  on  estimate  received  from  National  Parachute  Test  Range. 

HEAVY  COMPONENT  ATTACHMENT  LOADS 

Heavy  components  to  be  considered  for  40  G  loads  include: 

Parachute  Package  -  22  lbs. 

Rocket  Motors  -  20  lbs. 

Survival  Kit  -  8  lbs. 

ROCKET  THRUST  VECTOR  CONTROL  REACTIONS  WITHIN  SEAT  BUCKET 

Seat/rocket  interface  structure  must  counteract  approximately  3,500  lbs. 
thrust . 

Thrust  vector  control  actuators  mounted  on  floor  of  seat  bucket  will 
impart  shear  loads  (along  floor)  of  approximately  1,000  lbs. 

CREWMAN  LOAD  ON  SEAT  (12,650  lbs.  distributed  over  seat  lid) 

Load  for  downward  40  G  crash  condition  -  55  G  dynamic  response  assumed, 
that  is: 


(55g  x  weight  of  98%  crewman)  *  35  x  230  =  12,600  lbs. 
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Introduction 

This  report  presents  final  structural  analysis  of  the  MPES  (Maximum 
Performance  Ejection  Seat)  bucket  structure.  This  is  in  response  to 
paragraphs  3.7  and  4.0  (page  16)  of  Statement  of  Work  No.  639-2662  as 
given  in  Document  No.  N62269-79-R-Q712.  (Reference  1) 

Discussion 

Design  Description 

The  seat  bucket  structure  as  discussed  in  this  report  consists  of 
two  side  panels,  a  back  panel,  a  front  panel,  a  rest  panel,  a  seat  panel 
support  channel,  and  two  guide  rails.  The  panels  are  of  aluminum  honey¬ 
comb  sandwich  construction  with  aluminum  framing  and  inserts.  The  sand¬ 
wich  construction  consists  of  7075-T6  aluminum  alloy  face  sheets  and 
doublers  (with  the  exception  of  the  front  panel  which  has  2024-T4  aluminum 
alloy  face  sheets),  and  5056  aluminum  alloy  hexagonal  honeycomb  core.  The 
framing,  inserts,  support  channel  and  guide  rails  are  7075-T6  aluminum 
alloy,  with  the  exception  of  the  seat  panel  Inserts  which  are  7075-T73 
aluminum  alloy. 

Design  Basis  and  Analysis  Criteria 

The  seat  bucket  was  designed  to  withstand  the  loads  specified  In 
Addendum  A  to  Statement  of  Work  No.  639-2662  as  given  In  Document  No. 
N62269-79-R-0712.  In  addition  to  these  specified  loads  a  leg  impact  load 
due  to  windblast  during  high  speed  ejection  was  considered.  The  structure 
was  analyzed  for  ultimate  loads  with  the  following  criteria: 

1-  Stress  in  the  face  sheets  of  the  honeycomb  sandwich  panels 
should  not  exceed  yield  stress. 

2-  Honeycomb  shear  and  comDressive  stress  should  not  exceed  the 
manufacturer's  minimum  strength  values. 

3-  Buckling  of  the  honeycomb  sandwich  panels  should  not  occur. 

i  4-  Tensile,  compressive,  shear  and  bearing  stresses  In  the  framing, 

inserts,  suoport  channel  and  guide  rails  should  not  exceed 
ultimate  values. 

The  structure  was  not  analyzed  for  limit  loads,  since  for  the  materials  and 
criteria  used  these  would  be  less  critical  than  the  ultimate  loads.  Allow- 
>  able  stress  values  and  analysis  methods  are  documented  in  Reference  2. 


Results  of  Analysis 


Margins  of  safety  (MS)  against  ultimate  loads  were  obtained.  The 
detailed  analysis  is  presented  In  the  Appendix.  The  minimum  margins  of 
safety  (and  all  negative  margins  of  safety)  for  each  structural  component 
are  given  in  Table  I.  The  negative  margins  of  safety  are  judged  to  be 
acceptable  for  the  following  reasons: 

1)  Side  oanels  -  The  -.05  margin  of  safety  for  core  shear  due 

to  leg  impact  is  based  on  a  30CQ  LS  impact  load. 
Since  this  is  an  unspecified  condition  and  the 
assumed  magnitude  of  the  load  is  Probably 
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conservative,  this  margin  of  safety  is  judged 
to  be  acceptable,  "he  -.01  margin  of  safety 
due  to  tne  parachute  extraction  line  load,  is 
probably  very  conservative  because  part  of 
this  load  will  be  reacted  by  the  shoulder 
harness  straps. 

2)  Seat  Panel  -  The  -.25  margin  of  safety  for  core  shear  due 

to  the  406  downward  crash  load  is  based  on 
minimum  core  shear  strength  values.  Based  on 
typical  shear  strength  values  this  margin  of 
safety  is  -.09.  In  view  of  the  conservatism 
of  the  analysis,  no  design  changes  are  planned 
pending  test  results. 

3)  Guide  Ralls  -  The  -.10  margin  of  safety  for  fastener  shear 

is  due  to  windblast  at  ejection  tip-off. 
Secause  of  the  very  brief  duration  of  the  loaa 
and  the  conservatism  of  the  analysis,  this 
margin  of  safety  is  judged  to  be  acceptable. 

4)  3aclc  Panel  -  The  -.04  margin  of  safety  for  bending  and 

torsion  in  the  upper  insert  arises  from  the 
parachute  extraction  line  load,  “he  analysis 
is  conservative  because  some  of  this  load  will 
be  reacted  by  the  shoulder  harness  straps. 
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STRUCTURAL  TESTS 


INTRODUCTION 

The  text  in  this  jappendix  documents  the  dynamic  testing  conducted  on  the 
MPES  seat  structure.  Ij’our  seats  were  procured  from  Stencel  Aero  Engineering 
Corporation  under  NADC  Contract  No.  N62269-80-C-0203.  Criteria  for  acceptance 
of  these  seats  included  static  application  of  a  12,600  lb.  load  on  the  seat 
lid  and  an  8,000  lb.  drogue  chute  bridle  pull  force  on  the  upper  seat  back 
panel.  However,  in  the  absence  of  a  feasible  cost-effective  method  of  apply¬ 
ing  the  static  load,  it  was  decided  to  base  acceptance  on  dynamic  evaluation 
using  the  NADC  ejection  tower  facility. 

One  of  the  four  procured  seats  was  subjected  to  the  dynamic  evaluation 
tests.  These  tests  included  two  ejection  tower  tests  of  approximately  25  G 
and  a  drop  test  which  imposed  a  5,100  lb.  pull  force  on  the  seat  back  panel. 

These  tests  reflected  the  maximum  capability  of  the  test  facility,  and  although 
they  did  not  impose  the  loads  specified  in  the  seat  acceptance  criteria,  they 
were  still  severe  enough  to  expose  any  gross  weakness  in  the  structural  in¬ 
tegrity  of  the  seat  structure . 

SUMMARY  OF  RESULTS 

The  tested  seat  (S/N0001)  successfully  withstood  all  dynamic  structural 
tests  as  established  by  NADC  engineering  personnel.  There  was  no  evidence  of 
any  structural  failure  or  approach  to  failure  on  any  portion  of  the  seat  struc¬ 
ture. 

CONCLUSION 

The  seats  provide  enough  structural  integrity  for  use  on  all  dynamic  testing 
of  the  MPES  system  which  has  been  currently  planned. 

EJECTION  TOWER  TESTS 

The  test  seat  (S/N  0001)  was  modified  by  the  addition  of  an  inertia  reel, 
lap  belt  retraction/release  mechanisms  for  lower  torso  restraint,  headrest, 
seat  cushion,  back  cushion,  and  the  addition  of  55.5  lbs.  of  lead  ballast. 

The  ballast  duplicated  the  anticipated  weights  of  heavy  seat  components  which 
impose  stresses  on  the  seat  structure  during  high  acceleration.  The  seat  was 
mounted  to  an  adapter  plate  such  that  total  ejection  force  was  directed  into 
the  catapult  attachment  fittings  closely  replicating  actual  ejection  conditions. 

A  95  percentile  dummy  weighing  250  lbs.  was  installed  in  the  seat  and  the  sys¬ 
tem  installed  on  the  ejection  tower  (See  Figure  D-l).  Instrumentation  was  pro¬ 
vided  to  measure  catapult  pressure,  seat  acceleration  parallel  to  rails,  and 
dummy  chest  accelerations  G^  and  .  Strain  gages  were  also  placed  in  selected 
locations  on  the  seat  bucket  side  panels  as  shown  in  Figure  D-I.  The  results 
of  the  ejection  tower  tests  are  given  in  Table  D-I.  The  maximum  strain  was 
measured  on  the  uppermost  gage  shown  in  Figure  D-l.  Strain  on  the  uppermost 
and  middle  gages  was  due  to  tensile  stress.  The  bottom  gage  was  subjected  to 
compressive  stresses.  A  maximum  strain  of  3.882  micro-inches /inch  was  achieved 
on  Test  No.  3.  This  strain  corresponds  to  a  tensile  stress  of  41,149  psi 
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which  is  approximately  60%  of  the  yield  strength  of  the  local  material  (Al- 
7075-T6) . 


Table  D-I 

Ejection  Tower 

Test  Results 

Ejection 

Test 

Ho. 

Seat 

Wt. 

(lbs . ) 

Dummy 

Wt. 

(lbs.) 

Seat 

Acceleration 

(G's) 

Max 

Measured 

Strain 

Calculated 

Stress 

(psi) 

% 

Yield 

Stress 

1 

125 

231 

16.5 

2.057 

21,840 

33% 

2 

125 

231 

24.3 

3.616 

38,300 

58% 

3 

125 

231 

25.0 

3.882 

41,149 

62% 

Test  Date: 

13  June 

1980 

DROGUE  CHUTE  BRIDLE  PULL  FORCE  TEST 

This  condition  was  established  to  duplicate  the  load  imposed  by  the  drogue 
parachute  opening  shock  transmitted  through  the  drogue  bridle  release  mechanism 
into  the  seat  structure  back  panel.  The  same  seat/dummy  configuration  as 
used  in  the  ejection  tower  tests  was  used  for  this  test.  Redundant  restraints 
were  added  for  restraining  the  upper  and  lower  torso  to  insure  that  the  dunany 
load  would  still  be  transmitted  into  the  seat  structure  and  that  the  dummy  and 
instrumentation  in  the  dummy  would  not  be  destroyed  if  the  primary  restraint 
failed.  The  seat/dummy  combination  was  dropped  from  varying  heights  into  scraps 
which  terminated  in  a  single  fitting  retained  by  a  shackle  release  pin.  Figures 
D-2  and  D-3  show  the  test  configuration.  A  series  of  three  drop  tests  was  con¬ 
ducted  with  the  maximum  riser /seat  reaction  force  of  5,104  lbs.  being  attained. 
The  results  of  these  tests  are  presented  in  Table  D-II. 


Table  D-II 

Dynamic  Pull  Force 

Test  Results 

Drop 

Test 

Ho. 

Seat/Dummy 

Drop  Weight 
(lbs.) 

Max.  Total 

Seat 

Deceleration 

(G's) 

Max.  Total 
Dummy 

Deceleration 
.  (G’s) 

Riser/Seat 

Reaction 

Force 

(lbs.) 

1 

370 

11.40 

12.0 

2506 

370 

16.85 

22.1 

4713 

3 

370 

21.92 

— 

5104 

Test  Date: 

7  August  1980 
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Fitting  Location  for  Pull  Force  Test 
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